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ASCA observations of Deep ROSAT fields - III. The Dis- 
covery of an Obscured Type 2 AGN at z = 0.67 
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ABSTRACT 

We report on the discovery of a narrow-emission-line object at z = 0.672 detected 
in a deep ASCA survey. The object, AXJ0341. 4-4453, has a flux in the 2-10 keV band 
of 1.1 ± 0.27 x 10~ 13 ergs~ 1 cm~ 2 , corresponding to a luminosity of 1.8 x 10 44 ergs _1 
{q = 0.5, H = 50kms~ 1 Mpc" 1 ). It is also marginally detected in the ROSAT 
0.5-2 keV band with a flux 5.8 x 10~ 15 erg s _1 cm" 2 . Both the ASCA data alone 
and the combined ROSAT / ASCA data show a very hard X-ray spectrum, consistent 
with cither a flat power law (a < 0.1) or photoelectric absorption with a column of 
fin > 4 x 10 22 cm~ 2 (a = 1). The optical spectrum shows the high-ionisation, narrow 
emission lines typical of a Seyfert 2 galaxy. We suggest that this object may be typical 
of the hard sources required to explain the remainder of the X-ray background at hard 
energies. 
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1 INTRODUCTION 

The high-redshift analogues to Seyfert 2 galaxies, the 
so-called Type 2 or obscured active galactic nuclei (AGN), 
have been increasingly postulated as a major contributor 
to the X-ray background (XRB) in recent years (see e.g. 
Comastri et al. 1995). Interest in these objects has cen- 
tred on their X-ray spectra, which are likely to be signifi- 
cantly harder than those observed in normal QSOs or Type 
1 AGN. Ordinary QSOs are known to comprise the bulk of 
the soft (0.5 — 2keV) source population identified to date 
(Shanks et al. 1991, Schmidt et al. 1998) but their spectra 
are too soft to explain the remainder of the XRB at harder 
energies. Even relatively modest amounts of gas and dust 
(njj > 10 21 cm~ 2 ) in the central regions would readily ab- 
sorb soft X-ray photons (< 2keV) and significantly harden 
the X-ray spectrum. A population of objects with X-ray 
spectra of this type can readily reproduce the spectrum of 
the X-ray background (Madau et al. 1994, Comastri et al. 
1995). The discovery of at least one obscured QSO at high 
redshift (z = 2.35) lends some weight to this hypothesis (Al- 
maini et al. 1995), although the unambiguous identification 
of large numbers of such objects remains elusive. 

A number of groups (Boyle et al. 1995a, Griffiths et 
al. 1996) have detected increasing numbers of low redshift 
(z < 0.5) galaxies with narrow emission lines (NELGs) as 



the optical counterparts to faint R OS A T sources. The pre- 
cise nature of these objects is unclear (Boyle et al. 1995b); 
optical classification based on standard emission-line-ratio 
diagnostics reveals them to be borderline starburst /Seyfert 
2 galaxies. A hybrid explanation consisting of both phe- 
nomena is a strong possibility (Boyle et al. 1995b, Fabian et 
al. 1998). The mean X-ray spectra of these objects appear 
to be significantly harder than that of QSOs (Almaini et al. 
1996, Romero-Colmenero et al. 1996). Recently, Schmidt 
et al. (1998) have argued that confusion plays a significant 
role in the optical identification of some of the faintest X-ray 
sources, and that some of the emission-line galaxies identi- 
fied previously are not the true optical counterparts of the 
X-ray source. Nevertheless, the hardness of their X-ray spec- 
tra suggests that the true identifications will not be standard 
broad emission-line QSOs. Indeed, Roche et al. (1995) have 
cross-correlated faint galaxy positions with the unresolved 
ROSAT X-ray background to demonstrate statistically that 
a large fraction of the soft X-ray background must to due to 
faint B ~ 23 mag galaxies. 

The ASCA mission has now yielded information on the 
nature of the X-ray background at harder energies (2 — 
lOkeV), albeit at a poorer spatial resolution (~ 1 arcmin) 
than the ROSAT mission. Although attempts to carry out 
optical identification programs have been frustrated by the 
large ASCA point-spread-function (PSF), Ohta et al. (1996) 
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were able to identify a high redshift, z = 0.9, Type 2 AGN 
as a counterpart to a faint ASCA source. This source has an 
X-ray luminosity of 1 x 10 44 ergs -1 , and was, until the ob- 
servations reported on in this paper, the only Type 2 AGN 
at high redshift (z > 0.1) to be identified on the basis of its 
hard 2 - lOkeV flux. 

Many ASCA source identification programmes now rely 
on the cross-correlation of the positions of sources detected 
in deep ASCA data with those in deep ROSAT data ob- 
tained over the same fields. This was the method we chose 
to employ in our programme of faint ASCA source iden- 
tifications. Paper I in this series (Georgantopoulos et al. 
1997) reported on the source population and the 2 — lOkeV 
log iV— log S in three deep ASCA fields which had been cross- 
correlated with ROSAT data. Paper II (Boyle et al. 1998) 
presented the AGN 2—10 keV X-ray luminosity function and 
the extrapolated AGN contribution to the 2 — lOkeV XRB. 
We have since obtained data for a further two deep ASCA 
fields and, in the course of the optical follow-up, identified 
an object with narrow emission lines as the counterpart to 
one of the hardest ASCA X-ray detections in our source list. 
In Section 2 we present the optical and X-ray observations 
and in Section 3 we discuss the properties of the object and 
present our conclusions. 

2 OBSERVATIONS 

2.1 X-ray 

We have obtained deep (100-200 ksec) ASCA data in 
five fields in which we had already carried out a deep 
(S'o.5-2kcV > 3x 10~ 15 crgs^cm -2 ) R OSA T survey (Geor- 
gantopoulos et al. 1996). The deep fields surveyed to date 
are centred in three locations; two pointings in the South 
Galactic Pole (SGP) regions (00' l 53-28°), two in the UKST 
249 field (03' 1 44-45°) and one in the UKST F855 field 
(10 ft 46+00°). The X -ray images used for source detection 
were obtained by a mosaic of the data from both Gas Imag- 
ing Spectrometer (GIS) detectors, thus maximising the effec- 
tive exposure time. X-ray sources were then located using 
the Point Source Search (PSS) algorithm of Allen (1992). 
Full details of the X-ray analysis (source detection, flux cal- 
culation) can be found in Paper I. 

One source, centred at RA(2000) = 03 h 41 m 24.7 s , 
Dec(2000)=-44°53'0l", was found to exhibit extreme X-ray 
properties, with an exceptionally hard X-ray spectrum. The 
ASCA count rate for the source (named AXJ0341. 4-4453) 
based on the 'cleaned' image is 1.7 ± 0.46 x 10~ 3 count s _1 . 
For an intrinsic energy spectral index of a = 1 and njj = 
4 x 10 22 enf 2 (see below), we obtain a flux of S2— lOkeV = 
1.1 ± 0.27 x 10~ 13 ergs _1 cm -2 . 

AX J0341. 4-4453 is one of the brightest detections on 
the ASCA field above 2keV, but remains undetected in the 
softer 1 — 2 keV band. Although too faint to enable detailed 
spectral fitting, we note however that the source shows an 
unusually large ASCA hardness ratio HR = 0.91 ± 0.24, de- 
fined by: HR = 7jqr§ where H and S are the ASCA count 
rates in the ASCA hard (2 - lOkeV) and soft (1 - 2keV) 
bands respectively. This immediately suggests a hard, in- 
verted X-ray spectrum or heavy photo-electric absorption. 
Given that there is no detection in the soft band, it is more 




Figure 1. 1.5 x 1.5 arcmin region centred on the ASCA cen- 
troid (indicated by the arrow) for AXJ0341.4-4453. The ROSAT 
PSPC position is marked with a cross, with an error circle of 20 
arcscc radius. 



appropriate to give the lower limit on the hardness ratio 
corresponding to the upper limit on the soft count rate. We 
therefore estimated a lower bound on the hardness ratio us- 
ing the method of Kraft et al. (1991). This gives a 99 per 
cent lower limit of HR > 0.34, which still corresponds to a 
very hard power law index of a < 0.1. 

AX J0341. 4-4453 was also found to have a faint 4.5<r 
(5 . 5 _2koV = 6 x 10~ 15 ergs^cm^ 2 ) ROSAT source only 
8arcsec distant, well within the 90-arcsec correlation length 
for ASCA/ROSAT positional coincidences (Paper I). As- 
suming no X-ray variability between the ROSAT and ASCA 
observation epochs, combining the ROSAT and ASCA data 
yields a hardness ratio (as defined above) of HR = 0.70 ± 
0.20 or a spectral index of a = —0.8 over the range 
1 - lOkeV. 

2.2 Optical 

The optical source closest to the ROSAT counterpart 
of AX J034 1.4-4453 was a B = 21.4 object only 11 arcsec 
from the ROSAT position (see Fig. 1) and only 3 arcsec 
from the ASCA source position. The optical position of the 
source is RA(2000)=03 h 41 m 24.4 s , Dec(2000) = -44°53'02". 
Although a spectroscopic identification already exists for 
many of the ROSAT sources on this field (QSF1, Griffiths 
et al. 1995), the optical counterpart to AX J034 1.4-4453 had 
not been observed previously, because the ROSAT source 
was below the nominal X-ray detection limit (5a) adopted 
for completeness in the original ROSAT survey. 

The optical source was observed with the Low Disper- 
sion Survey Spectrograph (LDSS) at the Cassegrain focus 
of the Anglo- Australian Telescope (AAT) on the night of 
1997 September 6. The total integration time was 2400 sec- 
onds. LDSS was operated with a single 'long-slit' aperture 
mask (1.7-arcsec slit width) and medium resolution grism. 
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Figure 2. LDSS optical spectrum for AXJ0341.4-4453 
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A Tektronix CCD was used as the detector to give an overall 
spectral resolution of 13A. Conditions were poor; 2 arcsec 
seeing and the observations were made through light cirrus. 
Wavelength calibration was achieved using a copper-argon 
arc lamp. 

The resulting optical spectrum is shown in Fig. 2. The 
five strong emission lines identified in the spectrum are listed 
in Table 1. The mean emission line redshift obtained from 
these lines (excluding RS, see below) is z = 0.6724 ± 0.0002. 
Based on this redshift, the 2-10 keV X-ray luminosity for 
AXJ0341. 4-4453 is 1.8 x 10 44 ergs _1 (q = 0.5, H = 
SOkms^Mpc -1 ). 

The mean rest full width half maxima (FWHM) for the 
emission lines is 900 ± 150kms _ ; marginally greater than 
the instrumental profile of ~ 650kms _ . The RS emission 
line appears to be cut on its red side by an absorption fea- 
ture. This is consistent with the lower value of the emission 
line redshift obtained for this line. This absorption feature 
is also seen in the spectrum of AXJ08494+4454, the z = 0.9 
Type 2 AGN at discovered by Ohta et al. (1996). 



3 DISCUSSION 

The strong [NeV] emission in the optical spectrum of 
AX J034 1.4-4453 indicates that this object is likely to be 



Table 1. Emission Line Parameters for AXJ0341. 4-4453 



Line 
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(A) 
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[NeV]A3426 


5729 


0.6722 


6.6 


1140 


[OII]A3727 


6234 


0.6727 


14.7 


740 


[NeIII]A3869 


6470 


0.6723 


5.7 


830 


[NeIII]A3968 


6636 


0.6724 


2.4 


900 


H<5 


6853 


0.6706 


3.6 


870 



an AGN. The lack of any broad emission lines, particu- 
larly the broad MgIIA2798 line at 4673A further implies 
that this is an example of a high redshift Seyfert 2 galaxy or 
Type 2 AGN. This is confirmed by its high X-ray luminosity 
(1.8 x 10 ergs -1 )) unlikely to originate from a star-forming 
galaxy. The optical spectrum bears many similarities to that 
obtained for the z — 0.9 Type 2 AGN observed by Ohta et 
al. (1996), and other Type 2 AGN identified by ROSAT in 
Lockman hole field (Schmidt et al. 1998). 

The identification of such sources as bona fide Type 2 
AGN has recently been called into question by Halpern and 
co-workers in a series of papers, see Halpern, Eracleous & 
Forster (1998) and references therein. They have demon- 
strated that many of the sources initially identified as Type 
2 AGN either exhibit broad Balmer lines and are better clas- 
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sified as high-redshift Seyfert 1.8 or Seyfert 1.9 galaxies, or 
are members of the class of narrow-line Seyfert 1 galaxies 
(Brandt et al. 1994), with steep (soft) X-ray spectral in- 
dices. Given its hard X-ray spectrum, we can immediately 
rule out AXJ0341. 4-4453 as a narrow-line Seyfert 1. 

While it is impossible to rule out a Seyfert 1.8/1.9 clas- 
sification on the basis of the only Balmer line (H<5) seen 
in the spectrum of AX J0341. 4-4453, we can place a use- 
ful 3<r upper limit of 10A on the rest equivalent width of 
any broad (5000km s" 1 FWHM) MgIIA2798 emission line. 
This is well below the typical equivalent width of broad 
Mgll seen in the objects observed to date by Halpern et 
al. (e.g. W = 47A for IE 0449, 4 - 1823). Note there may 
be a weak (W ~ 5A), narrow (FWHM< 2000 km s -1 ) emis- 
sion feature at A ~ 4690A in the spectrum of AX J0341.4- 
4453. However, the association of this weak feature with 
MgIIA2798 is uncertain given that it is redshifted 650 kins -1 
with respect to the narrow emission lines of [Oil] , [Nelll] and 
[NeV], and by over lOOOkms -1 from the H<5 emission line. 

Indeed, the classification of these objects as Seyfert 
1.8/1.9 or Seyfert 2 may well be a largely taxonomic issue. 
More fundamental to the nature of the AX J034 1.4-4453 is 
the fact that it exhibits a hard X-ray spectrum. If we assume 
that absorption causes the flattening of the hardness ratios, 
the ASCA 1-10 keV hardness ratio (HR > 0.34) yields a 99 
per cent confidence lower limit on the photo-electric absorp- 
tion of njj > 4 x 10 22 cm -2 , for an intrinsic energy spectral 
index a = 1. The combined ROSAT/ASCA hardness ratio 
(HR = 0.70) yields an absorption of n H ~ 10 23 cm~ 2 , for 
a = 1. The dust associated with such a column would be 
more than enough to extinguish the broad line region in the 
optical waveband. We conclude that this is an example of 
an AGN obscured by gas and dust, of the type widely pos- 
tulated to account for the hard X-ray background (Madau 
et al. 1994, Comastri et al. 1995). 

AX J0341. 4-4453 also exhibits the highest value c*ox 
for any object in our survey, aox — 1-8 (aox — 
— log(-L2kov/-^Tr nn 4 )/2.605). This may be compared to 
mean value of qqx = 1-45 ± 0.10 for the survey sources 
as a whole. This is consistent with significant absorption 
of the 2keV X-ray flux by a large HI column and is typical 
of the values obtained for Seyfert 2 galaxies at low redshift 
(see e.g. Rush et al. 1996). 

Examples of obscured AGN have also been found at 
low redshift (z < 0.1) from ASCA observations. Akiyama et 
al. (1998) report on the discovery of a type 2 Seyfert galaxy, 
AX J131501+3141, at z = 0.072. This object exhibits a sim- 
ilar absorption column to that obtained for AX J0341. 4-4453 
(nn ~ 6 x 10 22 cm -2 ) and is the hardest X-ray source in 
the ASCA large sky survey. Another source AX J 1749+684, 
identified by Iwasawa et al. (1997), may also be an example 
of a low redshift obscured AGN, but with a lower absorbing 
column Tin ~ 8 x 10 21 cm~ 2 . 

If obscured AGN such as AX J034 1.4-4453 are to ex- 
plain the hard XRB then they should emerge in significant 
numbers in forthcoming, deeper X-ray surveys (e.g. with 
AXAFot XMM). They should also turn up in the latest mid- 
and far-infrared deep surveys, where the energy absorbed by 
the obscuring gas and dust will be re-radiated (Granato et 
al. 1997). At mid-infrared wavelengths the European Large 
Area Infrared Space Observatory Survey (ELAIS, Oliver et 
al. 1997) will reach unprecedented sensitivities, and large 



numbers of obscured AGN should be identified (Barcons 
et al. 1995). For obscured QSOs at high redshift, the ex- 
pected dust emission peak at A ~ 60 — 100/jm is redshifted 
into the sub-millimetre region. Deep surveys with the new 
Sub-mm Common User Bolometer Array (SCUBA) at the 
James Clerk Maxwell Telescope in Hawaii therefore present 
an ideal opportunity to detect these obscured objects, if they 
are truly the explanation for the origin of the hard XRB. 
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